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± t^j££ft£* 2 Orates £<Olfr2<OS4attJI 
±t:^$^/c^2<D/<';T® t> :«|2<DA'J 71 
±tC®l£S;ft/.:*3 0&ai4®3^«Jf#^<b&»K It 

ib* i , * 2 is i u-** 3 (Dtemvtm <7>&\±7tmom&rf 

±UJBJE$ft*:»2©BH814«£. £ W* 2 O Seated 

ie* i ^ «t j/* 2 <dj<') rm nttj&kw&tt a - 1 *• 
[1***4] «riBi*i»s*3o3iiae«o^4< t 20 

»**ft<:»5 05fi«tt*5*'e.«:*itS:»«i:-r4 
1**5 1 75M 3 Ov^rit^^iEIROlBjRatta)**^. 

goify nsw*3:*jci3v>-c, «risifv/ nit 7- k 
«oa^gt5s!)*^T-*^*4r t zftWit-r zmsz? 30 

[11**6] a*ffitt»UW*?Rl»Sffll**4 0V» 

■r*a*^9 Ko 

10 0 0 1 ] 

um*>*-t &wiB&in ^mn. &m&&t f<>* « 

[0 0 0 2] 

[fie*^tt*pj] «ttRSrfflv^«ftisa:«i**^ii» a 
[0003] a^s^sii, »tt#Ka»«renJni-* 50 



2 

[0 0 0 4 ] S^, is*?. 2ooatt4EJR*OBl--JB 
oi^ttS-JfAL*:-*:' yfiKivt, Affiles 

(TMR, Tunnel ing Magneto-resistance) % v>;b 

2 0 %&±<r>m%.tB.m$utm (mr 

it) tmbfiZ 4 *> KfcofcC bfrh (J. Appl. Phys. 
79. 4724 (1996) #H3) „ «*t^7 K*«*U£a;3b*> 

W^0. 4nm^"b2. OnmlCAll 
*3Sai4Sffi±t-JSBIL^^, *®^*EK^S/cliK^ 
V o - 4 148^ 9 v * ;ncl§1- £ £ ic J: o T , 
A l 0,*t>iJ h >*;wt'J 7BiMLTv>4, £ 
C05iai4 K > (54ait 1 A h > 

■ei±, ffawtB^mE^i^w^/c^statt h 

as^ k ensii-r * ^ee-h * w*?-t t u r jt*» *» * »? as^-t 

atv>-9HS.^*^c^ (Phys. Rev. Lett. 74,3273 
(1995) #BB) „ 

[0 0 0 5] ttz. ±E3ft«tt lMh> **8*©M- 
tv>4 (#gfWl 0 - 4 2 2 7#bs) o L^L, £<05i 

att h > ^ ^s-g-m^ (3^att iiFv^ >ng-&) r 

[0 0 0 6] ^»tkL)tatt*i?-*^L 

fcSfiati h **v»i4, §^att~m h >*)\> 

ft^^*??ttv^ (#81^9 - 2 6 0 7 4 3 , Phy 
s. Rev. B56O0), R5747(1997), I&ffla^^#K23. 4 
-2, (1999), APPI. Phys. Lett. 73(19), 2829(1998)# 
m e -^^(CjoV^-Tt, 2 0%J^±OMRit^*bix 

s^i:40!t;t*t„ a^7 K^a«jsfitai*> 
[0007] cn^sftaitzish >*A'»'fi-ci4, 3^a 

M R JfcOfiT**^ 4 v> * S * tB* *»» it 4 t v» 

MR AM) ^-Kf-f^i'SI (HDD) K±E©Ml 

^SfttC^^ t (f!lxl4MR AMT-14 2 5 6Mb i t W 
±)> TXmEUiSV^TM^^^^^MRJtTii 1 

[0008] tfz. *j*»4iat-fii»tt«:»oaa 
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(»H¥ 2000-251230 #.#.) 0 

[0 0 0 9] *<Ofimt (1) «Ulf (h> 

* * / < y T ) ft * Hff I" * * ft is «t l>* « jg , 
(2) Kit (f>^'J7) ^OfiScKl^O^^** 

wwt&n&tszvmm. o) a i ^ML^vrft 

SBC A 1 *JftL'<*J 7±TO#Siffi#SI£^;i*;£r£i5 

i iraau (4) ±E»«ttJi/^<y rJi/anBttJio 

ie^v 7* HEW-** t^tt^M 7-Xtgfffflm** 

J: Sfl-CV** (#B8¥2 0 0 0- 2 5 1 2 

3 0 #H3) „ 

[0 0 10] L^L, CtHbOh>'^;i'A | J7i«i 
[0011] 

L J: ^ fc-f&Slffi] ±XL£J:3tC, 5ii>a 
141 S h >*^*^»;Jjv»rJi, BfaoB*mEE**f» 20 

* ttsfcttti h > * ^mem* i~ mut z> «e« 

■t tm9^Mtn.mtm (MRit) ^^•jM^-r^tv^ 
*„ aattflK/Km^xafeattflE/si** 

v># % D RAMffli;?!^ W > ,* -t 'J L J: *> t 
•tit. tot^SftW-S-mE^Rtiio 

[0 0 12] Sfc, ^i^'JTmiFV*** 
-£i LT. #if 2 000-251230 i:i*4*S 

is**.**!*** (lltrao (4) ) k 
isv^Tt, 2 5 6Mb i t W±<7)M R AMfFSSlcti, « 

#f§^JEO/<9->' < ZiDtztb, MR A 
M& £*wv> < o*»<DJ{f^--c 1 owfv^ * £fl}Ji5;-t-&5?? 

[0013] H17I±. 256Mbi tMRAM (IT 40 
r— 1MTJ (Magnetic Tunnel Junction) T — *f ? 
•f--v) Ki3V>-C, MTJ (TMR Tunnel ing Magneto- 
resistance) <Dffi[jilM.<D\Xh'2% ( A Riirj/ Rmtj) ** 

*ffi*«^-mjE (a«t) , t&tKm mm oaftoiw 

[0 0 1 4 ] i09ft»-Cli, 1CMOS-1MTJ7- 

0. 1 7 5 fxm. *>z7>7tgmmom-%'g.i£v 

S (MRX Vb/2, ■IILMR ; MRJt> V B ;ttffl^F^^ 50 
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=f-\Z.t$mZiXZ>>U TAnE.) =5 0mV, gfifcftfcC 
M O S <DWfc1M. r cmos= 1 0 k fl , r cmos<7Vn*7 7 * = 
1 0%, Uiirey h«OSiCB= 3 2 0 f F, 
IztmZtl&'H 7^?E©I=8 0 OmV, 7:5"t* 
B#P3Ts= 4 0 n s e c ?rfitLtv>i 0 
[0015] 111 7 Sr^itl^^^T-*^^, 8 0 0m 
VO^M 7*ri*£PflD£ft£f$Offi-^SE<0&tel±, MT 
J«jfiM<0^7-;/*ri i 5%(-}fP;i^;ft.£*'£-c: 1 0%O 
Mt^Jdii, Sot, h y*;w<'j 7®<offiS; 

<0^ffi-C(±, *o<"<MT]*#OHJ3b*Ei , ±i , 9T 

2ST#fc^o Sfc> 2 5 6Mb i tMRAMT'li^4< 
fcfc 1 7 OmVJil±C5«-5|-ffi:tK iff 2 L < l± 2 0 0 - 3 
0 OmVnm-^rtiitl^'E-mtKtio 

[0 0 16] *5kWl±, z\ixh wmzm&t&tzib IZ & 

2tltzk<OX-$>lO , 2 5 6Mb i t W±OMRAM, 
Sfi^- KtM ^?gl (HDD) ffl<9*#fc«-5!-1I;ff 

[0 0 17] 

[»«**«■*- 4 *: a o^a] ±Eoai«-»ftt4fc 
aic 1 ©a*^****^*, »i<755ta 

7St, rw* i o^<y 7«jitc3^fi£$fL/wS$2o?aa 
list, iwsi2 oaae)B±»c®ja*ftfc«2 *v<y 

Tic, :©» 2 7IJii:MSftfc»3 ©81 
ttl3CiHl*6 4i), tirSttC 1 , ^5 2 g J: t>*£5 3 <D 

[0018] ±ieoj: -9 tc£si , m2, mz <o&m&m 
jjfoizi3rt2>s*<) rm<r>3-*)\' :i f-wm.*%<tz>z.t 

- 1 " tfc^<75MR^*§ < -r^-t^r-^So 
ZtHZX*). MRJt*^C§ <tZ>Zttf?£Z> 0 
[0 0 19] ttz. ^0«2 0tftfiftftftX?' 
li, ^llO?iai4^i:, COfdloaBttliUiBftS 
n^Sl l w) rmt. z\om\ to'* 1 ) TJf ±tcff£jj££ 
titzm 2 o?^ai4^ t , coiis2«53aiattJi±ic®ja* 
n^si 2 <o/«y rm t , cogi 2 <o^<y 7^±trf^? 

0 ( *2O^'J 7@^*xf* ? S4SwcS'!lliJ: LT 

[0 0 2 0] ±EO««tZJ:oTtMRJt<r*<-r*i 
t* s T*§* 0 Cftli, 1 tS5 2 0>»<y 7iOx^./l/^ 

-hi<os?jiex4c, (tmr o "i" « 

St "0" ««6<0^«E) cTMR^^^Ht 
OP B , 3(7)#t4*-7'0|^^t4U^v»r, "1" «S© 

[0 0 2 1] ±BHIifcrc*vt?. »lHJ:a f »20^y 
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7114, ±m<r>mm. itzimitm^h^*). 
SHv\ ^*';7t<oSf, m.mfr*><n#)-it\±, 30 

orm±T-7^-;u5r^9 t KSi* *:l4gi?f<7V<<; 7* 

iOJSj—ftfc, *&JRf ^14 ^&<a#.« Til 

^ 3 0 0ttt±T-7--)Viffi £ iT-^SKfl-SU-C- 

§4 0 

[0 0 2 2] 

[0023] (mi nnnmm) m i ojamm-ca.. 

«>**JBB«:RWi-*o HI (a) 14, # 
*9§s>» i o£»gg|K&4&^«St&*£^coiiffffi« 
jtS-^i-ffifffiEI, gll (b) ii-f(?)i7>;^-A>KI 
■c**o 111 (a) tc^-f 4 ? gi^Siiiol 

susstai**^** 3iimt£i i (ft i ofem&m) ±t- 

^'J78 2 (*10/<'J71) ^LT« 3£i&1*fell£: 
J**4»tt5c***trBH8ttJi3 (ft 2 O&attl) * 
ffllL, $ fblCi(7)jLlC/^ i ;r@4 (H2 0A'J 71) 
t^LT, Mtttll, 3 t»**«tt5c*«-d-tr»« 
1415 (ft 3 *>5ii&t£l) £«SU Bft&ftSbftX? 
1 0 *»*LTV»*. 

[0 0 2 4] ft 1 omtigSOttftSttftJMt?!*, 91 

ttttJi/'fj 71 2/3I&&* 3 //ty 71 4 /3i&tt 
»5*5>**!fi«ttz:»h>*-n/«-g-*?-c*»}, SUES 
ttii, 3, 5 4>8&%X«>M«*JE;t.«c tizx i), 
HI (b) ic^-f <t ^ 5H8tt#©7x^5I©x^ 

[0025] :<D^ WxIflBttlKC o- 

Fe^i. Co-Ni^S, Ni-Fe^, Co-F 
e-N i -&£*fflv> SftBttll 1 . 3, 5 £JH# 
fcfifcil"*SI8K tf!lxl4*N i 7tm<7)®& (atomic%) £5£ 
Iftil, 3, 5«l=K*.££&-r8AC|E3l**-r& 

4o 

[0026] ±ie«iitcj3v^r, m<;712, 4 i±, a 
l, Ma«o4ftoflfcfl:K. *fcii«UI4'6ft0, * 

14, 3 0 0rUUi-cr--^SrtT^ 

[0027] 7i* <om<oytm<o^.mh^i— T-&4 
»f!t*f*»tfcife, 3 oom±-e7--*iffni: 

[0 0 2 8] tfc, SM8148H. 3, 5(4, «JS5c*© 
•a^-** 1 *!*— i: 4:4 id »= -Tf h £ffl^4 
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-4ttttt*iftMRlt#4iii , ri*t t tic, 

tE***0«**ff*»»<b*L4i:#it?>ifCv»fc, MR 
it <F>> < -f T * •KStt Of-? jWE/< W T * mff ffllJ II * 4 
i«i^-f77 mEEffliJ * 4 4 <0 1 £ OMtiML Ltz~ 

*^S*fll3SJ: 0 <b*§&ffi-S5-«GE£, HI (b) 
EP L Ai" 4 #163 1- 43 v> T ft 4 i t #T # 

4 0 w4i!4, :©^|6!*t,ff*-SAL/:M, 
io £vn*<; 7SS$ri*S5< *4i tCjgiLTV4i:fxf>n 
4 0 

[0 0 2 9] (ft 2 WHJSJgeg) $ 2 OXM^flfC.li, 
*»WO»2<0**3g»*jBlWi-4o El 2 (a) 14, # 
#§iEOft 2 OHtfi^Sti:«<&aiASdi:«i*%7-OBfBflf 
at^i-IBfffiH. 112 (b) l4-f-OJ.*^^-v<> KH 
T-*4 0 IH 2 (a) (C^i-4dt-, ft 2 <£>Hife5l2SI<afiB 

StiftfitS****!*, 53H&&11 l (ftl *>3£fiBt£l) ± 
i:^''J 71 1 2 (*]©/<'J7i)-^U, 5ife&13:Jf 
1 3 (ft 2 O&fiBttl) £»1U $ e, i:; <o±:c/t'J 
20 711 1 b liafcAffittTcSSfc^trX'J 71 1 4 (ft 2 
»^'J7i) £tf-LT, 5£88ttll 5 (ft3 0Sis«14 

[0030] ft 2 onjfe^soeAjsstaui&K^ t , as 
&141 i i 7i 1 2 /aatti i 3/;<>; 71 1 

4 /S4&141 1 5 tf> e> 4 SfcBttZlS h > * frte-km* 
•C*>4**, AV78 1 2, 1 4 <0-^*X^^ax4Cl t 
ICiO, ;?'J7 1 2, 1 4<Ox^;^-8i(OlS$4^ 
X.4- t^flS. C04-9^«SI4, ffllictf^y 71 

12,1 4ftssn#, ^t*7t(4M<tiiricjsigi-r4^JSx 

30 /"J 78 1 2£ffitffc (M-O) L, /< 

V 71 1 4 S-M-ft (M-N) "t4, i/cl4/N''; 71 1 2 
fcStft (M-O) L, AU781 4«-M^tK^Oift-& 
^<'J7 (M-N-O) CtSfCioTSgl^aifC 1 

Ho 

[0 0 3 1] Jfc, AV7S12, 14 O^T'^, x« 

O, NWMffi-tiiL MRJt<0>-N* 
4 7* «tff L , ffi «S A» fiT-T 4 o - it h i 

J^-Ui-47 > -toi;l4, SEjb, * tzli, 
40 M-^t*/^l4^bLT^lb 3 0 OtJtLhT T--JU* 
t4:i«fUv. _hlfi<7)yo-fe^.^Aix4 t, /<>J 

4rMR'(l ; £-^4i i^Tlio 
[0 0 3 2] *2«DHJfcJB8RKJ:ft.tf, 
mEE^#^^4i:#x.<btiTV>f-, MRJtW^M 7^.fiS 

fe^c§4T^-f-ma«-»4r iri*T-£4o iixl4, M'j7 
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[0 0 3 3] ($H3<0%ffi&m El 3 14, *fS"EO«3 

scttu R^m^tme, i £±T®Ktt-$-L*, v»*> 

[0 0 3 4] 13 K^i-RSfta-ttJi 6 i />< io 

'J 7Jf 2 /&J8148 3 /^'J 71 4 /S£?81£8 5 /R3* 
JSttJg 7 &b I r-Mn/Co70Fe30 

/A 10,/ (C 070F e 30) 80N i 20/ A 1 Ox / 

(Co7oFe 3 o) soNiso/I r -MTKOUmmtiZl-Z 
ftftSLfc. ±E»»flKfciJV»t\ n'J7S2, 4 14, 
&®A 1 «rftK«r9XT»^fc*<foTf|5«Lfco mrx 
«0J:^C, »*«BE»**:*&-»=i-4fcft3 2 Ott- 1 
B#F^<7)T--;U*^fo7t 0 £ A 1 

[0 0 3 5] it*©*:*, f£*HtfR<&$t>-#* 

<b ft MRJtO^M TA®3f&<D\£ 20 
- * I'M T * ® JEflO K * S t> (O t M' < -f T * 

B, C*12LT4>J:3KffcAL*:. 

B) I r-Mn/Co7oFe3o/A I Oj/CozoFe 
30/AlOi/Co70Fe30/I r-Mn (A I Oi <0 

C) I r-Mn/C 070F e3o/A I O, /A I Nx / 
C 070F e3o/A 1 Nx /A 1 Ox /C 070F e30/ I 
r-Mn T4- 2«K LI: >8 OS-ftS*) 
>J7&££;S< LfcfcO) o 30 

[0036] ttzmmtmt lt, ^<or#d*«l 

D) I r-Mn/Co7oFe 30/ A 1 Oi /C 070F e 
30/A 1 Oi/Co70Fe30/I r-Mn (A 1 Ox <F> 

;<>)T<o&mmmfrm*iS)-<,zLx. a 12 03 ua< 

[0 0 3 7] Jfctt«©*jrcfliv»fc«14»lcM\ £TM 
RJt79^^^#t4* J #'bft-&C 070F e 3 o£i£ffl LTV> 
£0 A'J 71, SS14Jf©)KIf 14 A 1 , B, C, DttlW) 
C»=LTifc8*lTofco *IBi)IIIIia#©7* h'J 40 
57-f t4*>$. 'J V^SrfflV^ 4X4^m2 0TMR 
S^fcftSiLfco 

[0 0 3 8] H4C±EOAl, B, C, D#K»»/< 

C, migM^DTtt, MRtta^i^WS-aWfeftaC 

070F esoim^Xi), mbtitzm±<Dm-%&i)i±*& 

^©1*14 A 1 UJt^T/hSvv, *&m<omi&1 l Zi5\>->X 
14, iE*Sf|r*<)*#4#-g-ai»*»»fcft» #31^© 
flliS^SftM RAMf \zm%)-C$>Z> Z t *«»7i»o 

Irt©A7-^t/h$<, Jt$20!)B, CT14, 4 50 
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0 0 m VT-iffil^OMRJtcO;^ ± 1 2. 5 

%, ±1 0. 7%t9fcOi:WLT, 

A 1 r-l4/<7^4;!) f ± 3 . 9%t^.»T-*>>&^t*^35> 

[0 0 3 9] (£4O2gifcK*a!0 *%930fe4 

ittctfL, £§£81**1 6, 1 7*±TIi:f*fLA, 
v^to^S* tf ^x/uTUgmLfctWCfcao JfS2©f£ifi 
»»4:n-*JJrKlin-»**ftLT, fiffii"*§i^^ 

[0 0 4 0] 111 5 K^-fSSiJ&ttlf 1 6 /5&«£1±8 1 1 
//<U 78 1 2 /SfcttttJI 1 3 /M'J 78 1 4 /5£?81!fe 
8 1 5 /S&ffittJf 1 7 <om%&t LT, 2 oORiA 

2, A 3 *^lSLfco 

A2) I r -M n/C 070F e 30/A 1 Ox /C 070F 
e 30/ G aOj/Co7oFe 30/ I r — M n 
A3) I r-Mn/Co70Fe30/AIO, N, / (C 
o 50F e 50) 70N i 30/A 1 0« /C o 70F e 30/ I r 
— M n o 

[0 0 4 1] ±ffiStS#tci3V»-C, 7<'jrl 1 2, 14 

14, &jha 1 t«my?x-7ift, sfciitfta* 

tc-r-6 7t*3 2 CCT- 1 HHC7--^i 

3. >) >y*m^, 4X4//m2 OTMRtf^ML 

[0 0 4 2] ifc, ifctfcOfc*, d 
#4e-?-Sff* t »'bft&, MRJtO'M 7^Kfftt<0tf 

frE*2fc«>£]ft-?{ftftL*:. 

E) I r— Mn/Co 70F e 30/A 1 Ox /A 1 Nx/ 
(C 050F eso) 70N i 30/A 1 Nx /A 10j/Co 
7oFe3o/I r-Mn 7 4: 2ii:Lk?>lfllO^ 

'J 7ig$*i^< LfefeO) c 

[0 0 4 3] t/clilM^Ft LT, I r-Mn /Co 
70F e30/A 1 Ox/ (C 050F eso) 70N i 30/A 1 
Oi/Co7oFe3d/l r-Mn (A 1 Ox <D'<^) 7<0 
K*i^ja»**J*)-i: LT, A 1 2 O3 tciSv>J: o tcS 

[0 0 4 4 ] ^/n-'; 78, W.'&mOWkWltWfr*. 2 , A 
3, E, FttWtULTJtttSrlT-ofc. H6lc«*rA 
2, A3. E, F0^7*mJE-m7JM-i§-^E!fH£fc 

A 2, A 3 KJfc^TflrSffla^/hfcv*. *HJfe^«g<OK 
*4A2, A3IZiJV^r, IEmE1iJT-Sfc*:l^«-§-m* 
*M#t>ft, *SiMRAMdH:*«.r*4:t4»»*o 
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4 0 0mVT-ai]jEl$<7>MRJtc9^-7y*^± 11-5% 
HotzOizntX. aMOJB&BWW&A 2 , A3-CI1M' 

[0045] (UK 5 nntmrn & 1 ©nittBSSKiJn 

T, 3fe&1£J|l, 5 *>4"fc< S^fiB^S-g- 
GftJf ttiit^Tiio Ht 5 ff>nft&& li * O J: 0 

17 (a) ICflt5 0HJraSOflfl&a$t$b 
*X?5 0Olfi*JI*ft. H7 (a) C*b'T(i, 
BD 1 ©3i?att)f 1 Btt» 8 

a /Mate* 1-2) ©ZSKtictiJi), #ate« 10 
8 a *^LT&SfefiBt±tt6*L-rv**, v»fci9>*Raia 
te*££-Jf t 4oTV>S 0 Sfc, 13 7 (b) li, 17 
(a) ©SEJ&WfcLT, Hi ©5£ate)15©g|$3-£<!>£: 

[0 0 4 6] ±e<&=««it* e>s (attn**) t 

tc, kf>i (1, 5) ri>ib<9 

ira* o) ^©anawavh* < r (« 20 

st) -h (a») «a*-ifo«»s--tv^-tcKW"f* 

[0 0 4 7] *»9!©«>***«lK$6»S-ti: 
(3iate«l-l/#ate« 8 a/3iate8i- 
2) //?U7i2/5li8ttS3//<'J7i4/ (%ate 
!5-l/*atti8b/a8tti5-2) KJ3V»-C, ^'J7 
»C»Lrv»4attJifl57cS5S-, »ate*l-2, Mate 

§3. Matin 5-\<Dm&Km^m.<nm<£*%Lz.ti\£ 30 

MateSl-l, 5ll«tt«5-2(c«p^»0Rli«6v» o 

[0048] (* 6 nmmwm) m 2 oxfresic** l 

tt, Miiill, 1 5©'>4< t t-^4r, £»a 
tttt-ft-ESW tt4:t#Ti4. Bf Mfltifi li £ 5 ©H 
tt»»i:ra«i;'if*OT, i7*ifflt£ii:i:L, # 

[0049] (Mated u-i/tm'&m 1 8 

a/54Sttill-2) /;<'J7*12/3aate»l 3 //< 

2) tfjiKjSV^T, A 'J 78 1 2, 1 4 (O^jtm^^. 40 
x.nii*A<> »«e«ll-2, Mate* 1 3, 3ftate«15 
-1, MattSll-k aatt»15-2^#(c(WRlifttv». 

[0050] mi (ommmm) s& 3 & ± 4 ©nits 
vm± 1 1 , i5^<H-jj*, K&&te#&Kft 

«ttiiti , -C*4o ^7WH*SJf^li^OJ:-?40S 
T-fc»K i8 (a) £&7 0$ill^8iro&ft£ffi%*£ 
^5 0 OBf®fi?ii^^-r o ig (a) iZH^Xtt. 114 
OttateS 1 (DMfttf. (5&ate*l-l/#ate» 8a/ 
3fiateSl-2) OK»»-tttt-frJii:4:or^&o US so 



10 

(b) l±H4O3B1£J|5 08ll#6K5ftate*S'frefi8 

[0 0 5 1 ] ff4 0Htfe^S (115) KftLTfc, 
IC £MBte*S£-® tiffltiit **T # * Nf IE 
1118 tmmztc&<DX\ U 8 ?r#fl?.i"-5> ^ tiL, # 
£ fi«© * U E« L T *> 4 „ 

[0 0 5 2] i7 ©f&KJBSR-Cli, « 5 , m 6 ©HJfel? 
»fcW|;»*«i*a*»$>*i.&±fc, RMBteP6, 7 (1 
6, 17) ©RU* j*<T#, iDl*1fJg>6 J ±#1-*i t 

iit^-f <&« 

[0 0 5 3] (£8 coHJfe^SO m 1 7i^« 7 oHJfeJB 

miz&\,*x, tpAtto&ateJi 3 (13) t&ate*/ 
#ate»/3*att«© 3 ttmt L^o 

*^-r= H9 (a) \*%\jL\m2<r>%wmm ma 

*3xii^4co^jfe®i§t;igffl-t^w t tti 

4o 119 (b) Ji»3*fcli*4©£ttJBSSuaM!Lfc 
Wt*4„ 3*:, U 1 75SH4 iffl- gB^tciira— 

[0 0 5 4] H 9 tr&VT li, H 1 ©MBteJf 3 ©SB^- 

* (s*att»3-i/iwttfli 8 c /s^a^3-2) <ozmm 

*iLtv>4. 3£at£J13-liSiat£Ji3-2P B l 
i;§|v^4at4^f$-g-7i J *^ i t * Lv>. 3iai4®/ 

jgss-ciisaatttt'&i: LTv»fc#, &aiS:Jf, mut 

[0055] i /j, 3^att^3-i 1 3^ai4^3-2oms£ 
u^^-srra— nntfiizm 

[0056] *%mmm<nm&* tectum \zm^z> 

£v> 0 i©/c*^> MR AM Sr^Sfi-ftL TMR©-t;HS 
i s /h?<^ott> ?H***<0**. «§-^8$©E^ 

/»aitw/Matt»/»«i4Jiatja*fflv»Tfc^'f •> 

»att«**oi*KJt'<TjB*aitK»*BWOH** t 
[0 0 5 7] ±EO» 1 »I*80*lt»8*iCT, 
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[0 0 5 8] *§kW(o&makm<D7tm, ®.mi*. mzm 

ffilifr<, li, Fe, Co, N i 4 tztt*tib&£, 7, 
\£>fr&m<»±£^-?r*? 4 P. C r 02. RXMn 
0 3 -y (R ; *±*, X;C a, B a, S r) f ?>mt 
W1INiMnSb> PtMnSb, ^0*^*7-^ 
Zn-Mn-O. Ti-Mn-O, CdMnP2> Z 
n M n P 2 & f <Dm&*m # £ ffl V>£ r k *»"C # -5. „ 

[0059] *%w<D&m&®<Dmmim-%mmz%t, 
t#9uv>. *>4 *)m^kz4 -j *>yms), 10 
*art#»4 lv>. 4£, ztibmatrnzuA g , c 

tu Au, A 1 . Mg, Si. B i, T a , B. C, 
O, N. P d, Pt, Zr, Ir. W, Mo, Nbif 

[0 0 6 0] R33?B1£gll±, F e -Mn, Pt-Mn, 
Pt-Cr-Mn, Ni-Mn, I r-Mn, NiOf 
ii'ttffiTiio^iSttSiLtli, Cu, Au, Ru, 
I r, Rh, Ag4^ffl^sriA»T&a, KSiUBti 20 

Ltffll/>SM (t'>Ji <£>*§£•) li, Ru, I 
r, Rh^tK, aS«tt»*t LTfflv»4»* (IB 

mrnom-^) ia, cu, au, a etfifti lv»*», 

*»=J: •)(Mt4^rH*0-C, CftfeKPlfeft* f>cD-Cii 

[0 0 6 1 ] *£«ofMC#3 «MtJ| k LTIi. 
A 1 2O3, Si02, MgO, A1N, Al ON, G a 
O. B i 2O3, SrTi02, A 1 L a 03% £(Om* tc 

[0 0 6 2] »*#Jioar$l±TMRO«'frffi»JCttff 
U 3 nmfllTT-*5it#ffJ Lv> 0 &mtft KftflK 
iifc < . Si, S i O2, A 1 2O3. A 1 N^£tt*« 
±Uf^«-CS4. *co±U, Tmm, SlitLT, T 
a, Ti, Pt, Pd, Auf«*ll^ Ti/P 
t, Ta/Pt, Ti/Pd, Ta/PdlOSIIJ 

[0 0 6 3] -CO J: o <cffi^«aaftfl±, 

[0 0 6 4] ±E©3l«tt P >*;H$-&ti, 8*lfBf»X 

-tzzktf-vz&o bit, ♦ftBoa&usjfta**^ 

[0 0 6 5] (ft 9 OKIIil) ^ 9 OUtfeffilTJi, * 
*W©«jK«tt»**?-*«*tfE«3S« (MR AM) K 
L/cCT=Sri5i^-r4 0 HI OliMR AMCOJIstlft&II] 

[0 0 6 6] MRAMIi, ai OC^tiTi:, n-f 50 
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1 (122) t , *7if-^150 X'fflm £ it, 7 - 
mi 2 2 tX3£i-4a»Otr* F8BL (13 4) *■ 
fit*. £ 0 7-Kfil2 2tt*7hSl3 4 co&^.ar d 

O10, ^2 8 OHilSSO 2 0, 3 0, 4 0, 

50, 60, 70, 80, 9 O^SrffifflLT t iv») 
fc , 7 - P**& 1 2 2 tr J: 9 -tO&mtfWm $tiZ>*<{ v 
T WMWWm?) k LTCOMOSFET 1 2 Oiffiz. 

z 0 ttz, ix*aiL7 - mi 22 tw^isii:, 

2 (13 1) $rffix.4 c 

[0 0 6 7] #>^'J^i^(iia 1 lOii Izmi&ZtlX 
v>* 0 COHM KM O S F E T 1 2 0 

1 2 3, 1 2 AifV-X • KU>( >^itT-A9, r 
-hail2 2* t StLriffi$*l, 7- KSWL1 

(12 2) V-.X • KW >fflitC0-7j 1 2 4 

\Z%&SLLtz* > 9 * P 1 3 2£tf-LT, T*E«Sl 1 3 3 
a s Bj££*lTi5»K iCTftEll 3 3 t kf? h«l 3 

!t, ttft&ttftbJRX?- 1 0 Kj£«l.T»*&*fli0>7- 
PSWL 2 (13 1) *Bfi£i-io 
[0 0 6 8] ±IEOMR AMTIi, M RJtcD;*;§ V>#f& 
B©tt«ffii<t»**^*ttfflLTV>*OT, 2 5 6Mb 

[0 0 6 9] (*1 0©Htt^SS) *1 0©jOfc«*>, 

offiAigfits***^ * ffi^iefi^e \z mm l tz n 
xhhif. m-mm&ttizyj *- v*mm Lfzwxih 
ho mi 2 nm^.mmmmcom^ ^hssh, m 1 3ii 

1® SU CO Kll* ^ C0«fi£ 4-giB^i-4/ji6c0»f®llT-$)4 o 
[0 0 7 0] [a^Lfc^n^rj-^lcigJgSftTi&Sfcco 
7-KH2 2 3 t, I^Liv^^if^-ZlliS? 
iife^ifccoe^ h*a 2 2 7 cD#£.£lij3^T, *:§l^co 
i^glSSfl 0 (*V»I4 2 0. 3 0, 4 0, 5 
0, 60, 70, 80. 90) k ±- K2 2 2 cofi 
?|J#^*, tfy P«S2 2 7 t 7- P*^2 2 3 0MIC«SE$ 

[0071] L-coaactsttJBjjfts^t 

y^f* - Kli, 111 3 tc^-fJ: -5 tc, «iLtf7 - P*«I2 
2 3±i:/-(*-K2 2 2 ^IffiL, -5-co±irj&^i£flt 
Mff lOSrISML, $ lc-?-<D±tc fcf P fli 2 

[0 0 7 2] °gvM±. H 1 4 U^i-J: d d, ii^co I C 

fe, #j»#ft«2 2 1 ±«>* ; f-«-JSMft«|t2 2 1 a 

pISM2 2 2 btnIf«2 2 2 a 
frhttky* it- K2 2 2 ii1!tH&2 2 2 

ai;(i^>^^P228*tffLT7-P*^223 
-T-2>o pIfiS2 2 2 bi:ii3>^^h 2 2 9 *^Lt 
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T»Ea2 2 6tf*7fcJ&£ix, .1 f>T»lEif& 2 2 6 t\£v 
h&2 2 7 0HHC*«Moa»«Sta**^-l 0«rJg|R 
1-4 0 2 3 0li«Ma«RT*4. 014 

i:/7Lfci^i:, SO Ii«lv>5:HU L 

[0 0 7 3] ±E©J:3KfllJSLT<>, * 9 

[0074] (si i emta-a) mi i o*jfc«i4. 

B«i-«. 

[0 0 7 5] 111 5 14, ^f^OflS&jgtfcS&Sai-:?- 1 0 

taaufca*^* Kr-tvryoaaH-c**. 

fai-n-i 3 0 1 (4. I^f-f^^glrtWl^ 

-A 3 0 1 £>— SgKtt-^.X'Ov 9 > 3 0 2 

TV>i, -9-^.^>->3>3 0 2 O$fcSSsKI44I-5!-«0*£& 

^i^tt^^Offl^';- k«3 o 4tfmm.2tL. z. 

©'J-K«3 04 CD-Sl4^ -;K^7^3 03 ICjfi* 
- KB 3 0 4 (0*6Ji«4m«/tf K3 0 5C&B&JVCV 

4. a*«ift«i**?- 1 oi4»ioiot»«iw* 
*-e***«, B2ASB8a£ttBBoBAtta;tt*B 

f 2 0, 3 0, 4 0, 5 0, 6 0, 7 0, 8 0, 9 0§ 

[0 0 7 6] 016li, HI 5 U^rB*^? KT-fc > 
/•Jt}|«LfcMlf4^*« (B«S£«B) Ort 
ti5«it^^1-#4mSi-C*-2)o B&r'-r 3 1 1 14* fc? 
> K;U3 1 2 0/F L&^SEl&afiSIJaffi^ 

[0 0 7 7] T^-^j.^-^ 7-A 3 0 1 I4@^$i 3 1 
3 KB5eS*i., -9-^^?>v s > 3 0 2 4s 4 J/-?-coS£JfS<7) 
K^7^f/3 0 3 ti»LTV»4, B^-f-f 3 
1 1 ^7^3 0 3 OBtttflfi)® 

[0 0 7 8] WaX-H-i3 0 1 W&BtCtiU 
^T^e-^<0— ^. 3 ^ ^ 3 1 4 

lfbJxtv^ 0 3 1 4li77fax 

-?7-A301 tf0**t* >g&K£§±»f L4 

B £ ttyLvic^ffiEiS 4 tWl^l 3 - 9 tt &a^ES& b 

[0 0 7 9] 7?f-ai-?7-A3 0 1li, Ittt3 
1 3 0±T 2 Bi^tcK»t&4l/.:0^L 
>7 - i:iot^#il, #4 7sZJ<{ 3 1 4 (C4 

t)E$r>11IKi#g£u:-c£*4 iCiotvi. 

[0080] ±teo4 u^aaoaaHSfiaaiaB?-* 
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ttaLfcB«^? K**v»liB«S£BBl±* BftBft 
[0 0 8 1 ] 

[BBOB*&Ka] 

io [HI] *»ao» 1 oaaa&uB&BftB&L&BB 
(a) WrS0i (b) #@<0i|J^- U^;v?r/K 

10 2] *%Hro£2 0$UfcSS£ft£fi&&ft%*S 
(a) Efli i: (b) ^fOi^;^- 

[13] *n^(D^3<oiiife^^^4a^ffita;sji*5g 
[i4] ft 3 w^jfi^soa^fits&m^^ KiStt*^ 

20 [g5] *^<0»4O||3iS^H«Sa^«tn:=Sa^ 
[0 6] ft4 oBaaaoBjKBttaaa^KiJtt*'* 
[17] *H^g5 («v»J4*6) OUtt^ffiCft^ 

ins] *&w<o%7 n%mm\~&z&fmmb&m 

[0 9] *§kW<o%S<r>%MJ&m\~%*Vi%1&ffi$i&m 

30 [0 10] *»W(0*9O*ift3B3B!»w«4«*JS«:E» 
mm. (M R AM) WH18S0 O 
[B 1 1 ] ft 9 ©BttaaoBfcaaEB** «oB«* 
/Si-BfE0o 

[012] 0O$ttJ&Sl=ff*&*l&iJtE 
&BB (MR AM) O0S&0O 

[0 1 3 ] ft i o ©aaj&aoasusaEaa^© i a 
[014] ft i o ©aaJBa^aftisiftEaa^oao 

filJ5;£/T:-flSrM0o 

40 [015] $^<ogi i o^a^aua^a^asiSi 
Ko^ta0 o 

[0 1 6] ft 1 lWHIHOlSfiMfA? K*»« 

ffl $ *Lfca5na*»aosf]aHo 

[0 17] 2 5 6Mb i t MR AM*$.5e L/clJr-g-^ift 
t ffi^«#BBEoa»«. 

1, 3, 5, 11, 13, 15, 1-1, 1-2, 11 
-1, 11-2, 3-1, 3-3, 13-1, 13- 
3, 5-1, 5-2, 15-1, 1 5 - 2 , -3*ai4e 
50 2,4 , 1 2,1 4 Tm 
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6, 7, 16, 70, 7 0 \ 80, 80', 90, 90 

8a, 8b, 8c, 18a, 18b, )8c-«tti t&titfb&% : f- 
10, 20, 30, 40, 50, 50', 60, 60 * 
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[18] 
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sssssssss 
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226- 



229^ 
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P+ 4 w222b"^ 
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[116] [HI 7) 




»*S*{Q /in*) 



(5i) int. ci. 7 MSUie-f- 

H 0 1 F 10/26 
H 0 1 L 27/105 

(72)igw# ?im m 

^n^m ?zr$&-t > * - i*i 

(72)§&"3§# *s m.-*M 

^ttm^w&nfifg-tr > 9 - i*i 

»*;i|*JilWTU#E/M«Q3lt2EW 1 #* W 



F I 7-73- K (##) 

G 0 1 R 33/06 R 
H 0 1 L 27/10 4 4 7 

<72)f&93# » JUil 

*#tt*3EW«ra«* > * -1*3 

F 9 - A (##) 2G017 AA01 AB07 AD55 AD65 

5D034 BA03 BA15 BB02 CAOO DA07 
5E049 BA12 DB02 DB12 GC01 
5F083 FZ10 KA01 LA04 LA05 LA16 
MA06 MA16 MA19 



